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Part 131, 1330, pp.51-233. (R.D.1)
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THF JUNCTION BETWEEN THE

EASTERN SAN DSTONE AND THE KEWEENAW SERIES.

By R. D. IrviNG and T. O. CHAMBERLIN.

L.—LOCAL DESCRIPTIONS,
RODUCTORY.

Althangn the copper-bearing rocks of Lake Superior and ithe adjoin-
ing formations have attracted the attention of geologlsts for fifty years
past, there are yet remaining unsolved very many problems with
regard to them. We have ourselves, indeed, written at some length
with regard to these rocks, and one of us has even attempted a general
accouut of the series as a whole! In the course of our investigations
each of us has been obliged to turn away from very many tempting prob-
lems in structure and geuesis, where there was every promise of snccess-
ful solutions if only the element of time bad not been lacking. Not the
Jeast important among the problems which we have hitherto been thus

tOn some Points in the Geology of Northern Wisconsin, Transactions Wisconsin
Academy of Sciences, 1873-'74, Vol. 11, pp. 107-119. (R. D. L)

On the Age of the Copper-Bearing Rocks of Lake Superior and on the Westward
Coutinnatiod of the Lake Superior Syneclinal. American Journal of Science, 1874,
Vol. VIII, pp.46-56. (R.D. L)

T o~ o * . .
Note on the Age of the Crystalline Rud s of Wisconsin. American Jonrnal of

Science, 1877, Third Series, Vol. XI1I, pp. 307-309. {R.D.L)

Note on the Stratigraphy of the Hmenlaﬂ Series of North m Wisconsin; and on
the Equivalency of the Huronjian of tbe Marguette and Penokes Districts. American
Journal of Science, 1879, Third Series, Vol. XVII, pp. 393-398. (R.D.L)

The (eology of the Upper Saint Croix District. Geology of Wmco;;sm, Vol. 111,
Part VI, 1880, pp. 363-428. (T.C.C.and Moses Strong.)
General Geology of the Lake Buperior Region. (veu](mv of “Wmmnmn Vol. 111,

1380, Part I, pp. 1-25. (R.D.1.)
Geolowv of the Eastern Lake Superior District. Geology of Wisconsin, Vol 1,

Part {11, 1830, pp.51-233. (R.D.1.)
The Keweenawan Period. ~ Geology of Wisconsin, Vol. I, 1883, Chap. ‘VI pp. 96~

118, (T.C.CY)
Ths Copper-Bearing Series of Lake Superior, Science, Vol. I, 1883, pp. 453-455.
(r.c.C.)

Copper-Bearing Rocks of Lake Superior. , Monographs United States Geological

Survey, Vol V,18:83. (R.D.L)
(385) i1
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12 EASTERN SANDSTONT A ND KEWEENAW SERIES. Isurr. 23,

obliged to pass by is that of the exact nature of the stractural details
as the contact line between. the Keweenaw Series and the so-called
Lastern Sandstone. This contact line one of us had already examined
sutficiently to satisfy himself of the general relations of the two for-
mations concerned, but he had net been able to go further than this.
Recently, however, the opportunity hus offered for us to make together
some additional observations on this line of contact, with results that
have proved to be of so conclusive a nature that we thinlk it well to
publish them in the form of a builetin.

In what follows the several places at which thig Jjunction has been
studied by us are taken up in order from east to west, Preceding our
own descriptions of each one of these points, we give the descriptions
of others, so far as we are acquainbed with them. Following these de-
tailed descriptions, we then give an aecount and a discussion of the
varions views which have been held with regard to the relations of the
two formations concerned, and then close with our own coneclusions on
this subject, as also in general upon the origin of the plienomena ob-
served along the contact line. ' :

BETE GRISE Bav,

As often deseribed heretofore, Keweenaw Point eousists of twe por-
tions, sharply separated topographically : an elevated ridgy portion,
and a low-lying flat portion. The course of the ridge portion, begin-
ning at Portage Lake, is at fivst northeastward ; but, as it is followed

farther eastward, this course is soon changed into an easterly one, and .

this again, at the easternmost extrewity, into a southeasterly one. To
the south and southeast of this crescentic ridge, which is made up of the
beds of the Keweenaw Series, lies the relutively low amd flat expanse
underlain by the Fastern Saundstone, The junction line between these
two formations is usually plainly marked in the topography. This is
particularly the case towards the northeast, in the vicinity of Gratiot
Lake, Lae la Belle and Béte Grise Bay. - In the neighverhood of Toren
Lake and Torch River the desceunt from the ridge to the lowland is less
abrupt. The relative positions of these two portions of Keweenasw

Point and the course of the junctiou-line of the'two formations which+

underlie them respectively will be best understood from the outline

map of Plate I, which is redaced from the colored map compiled from -
various sources and published in Volume V of the Mouographs of the -

United States Geological Survey.

An inspection of this map will shiow that, at the eastern eud of Ke- -
weenaw DPoint, the ridgy portion occupied by the Keweenaw Series

extends some twelve mileg farther east than the lowland portion. The
rectangular bay thus formed where the lowland terminates is known
as Béte Grise Bay. The northern shore of this bay, for some four
miles eastward from its western extremity, lies very close to the janetion

(336)
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sniso axp caausrax.] THE JUNCTION ON BETE GRISE BAY.
¢&-§‘w¢x:11 tLie Eastern Sandstoneand the K? weenawab roclks,being al times
slightly to the porth apd again a sl}ort distance fo t.he BDUFIL of this
“ janction. The topegraphy of the neighborhiood of this portion o.f the
. by is indicated ou Plate 11, which is based upon a tracing furnished
: b;,"the Ohnited States Lake Sarvey, from a manuscript wap iu their office.
- he contour lines stand at 30 feet vertical distance. .
- On account of their easy accessibility by boat, and also because of
» the appearances presented, the exposures of the Keweenawan traps
and the Eastern Sandstone about this bay have atfracted the attention
Coof geologists from quite an early date. The following gnotations in-
_elude all the direct references to this place, as far as the Eastern Sand-
 stone ‘is-concerned, that we have been able to gatber, after baving
Jooked through most of the works in which any such references could
" be expected. So far as we have been able, we bave arranged these
.quotations iu the order of the times when the examinaticns were made
gpon which they are based. It bas not, however, always beeu possibile
to ascertain the exaet date from the publications cited. The name
which precedes each quotation is that of the author; the date imme-
iately following is that at which the examination was made; after
whicheare given the titles of the works and their dates of publication.
C. T. Jackson, 1348, (Report on the Geological and Mineralogical Survey of the
Mineral Lunds of 1he United States in Michigan. Senate Documents, Thirty-firet Con-
> press, first session, 1340, Vol. 3, No. 1, p. 442)  ““We visited next the mouth of Little
Montreal river, and examined the rocks for some distance up that streanr. Thisriver
~* falls mto thoe lake over ledges of trap rocks, by a succession of leaps—the aggregate
beight of these falls being about 40 feet.  Further np the stream, ihere are other minor
falis and rapids. The rocks are hard and compact trap rocks, but slightly vesicular.
No cupper veius are found at this place, or any mineral of inlerest.
*‘Continuing our veyage to Lac la Belle, we noticed a peculiar breecia of porphyry
und trap roclk, which, at fivst sight, would be mistaken for conglomerate vock. 1%
contains a jarge wixture of seams of leonhardite, some of which is of a bright red
color, from peroxide of iron. Furtber towards Lac la Belle, we came to nearly ver-
tical strata of sandstone, the dip being
ing to Mr. Foster’s observation with a prismatic compass, is N, 700 W, 71
C. T. Jackson, 1n43, (Report on the Geological and Mineralogical Survey of the
Mineral Laonds of the United States iz Michigan., Senate Documents, Thirty-first
Cougress, first session, 1349, Vol. 3, No. 1, p. 451.) * September 5. Rowed against
o strony head wind to Jasper point, where we were forced to land on sccount of the
violence of the wind and swell of the lake. Observed at this place (near Jasper
- point) & dike of brown trap rock, entriug through the porpbyritic vuriety, aud thus
proving the wore recent vrigin of the brown trap, as I had previonsly ascerfained at
other places. "
- “The wind abating, we set out again in the afternoon and ran round the carve of
the bay to near the entrance of Luc Ja Belle, and then stood for Keweenaw bay,

oy R

e, the dip being NE, 850, 'The range of the cuterop, aceord-

1We are not certain whether this refers to the easternmost of the three places at
which thesandstone is exposed on the coast of Béte Grise Bay, which we did not reach
(the one marked C on the map of Plate II), or to the middle ove (marked B). The
latter we have examined, as indicuted beyowd, but saw no such northerly dip as 85°.
However this may be, there is certainly no place whero such a bearing and dip Lold

- for any distance, and we doubt its occurrence at any point.

. (387}
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14 EASTERN SANDSTONE AND KEWEENAW SERIES. BULL. 23. tavive aND cHavBraLy) THE JUNCTION
leaviug the other boat to visit Lac la Belle, * * = In following the course
of the lake near Laec la Belle, I examined the rocks very particularly at their
points of juncticu. The gray sandstone is observed in large Llocks suitable for
building, though not very éompacb or strong. The strata in place dip southeast nearly so of iron.t
20°.' At the junction of thisrock with the trap, and for half a mile north, the rock is  On section 36, township 58, range 29, it
brecciated, and a large castle-like outline [outlier] projects juto the lake, so that we the sixth of o mile, abusting against a bed«
could run behind it in our boat. The belt of trapin the rear of this brececia is only 40 . din 76° SE.0.2
feot wide. The breccia iz seen near the landing of the Clinton Company. During » T.‘,‘Tl;is conglomerite band, about twenty-
ahort stop at the Clinton Company’s wharf, I took an observation for time, and then # characters with those on the nerthern slope
set out on our voyage again. A band of trap a guarter of a mile wide was seen be- <_‘ The saine is seer on the Lac la Belle locatiot
tween the breceia and gray sairdstone. A curious crescentic baod of white sandstone W Lloto trace it.  The saudstone here counsi
wag seen in this bay, benesth the water, and abeut hulf u wile from the shore, After 3 lowish silex, with ne trace of lime.
passing & baud of trap we came again to red saundstons strata, dipping to the south E * In the bottom of the bay, at this poind,
3092 Point Isabelle is a varisgated sandstcne cliff; coneisting of ulternate layers of i bands cun be seen describing immense cu
red, gray, and mottled sandstons in uearly horizontal strata. Orhicular whiie spots, hemian range of mountaing, and affording ¢
with nuclei of black, occur abundaatly in the red sandstone, and appear to be con-, apheaval m:e due to the protrusion of the
cretions. Nodules and beds of red challs are abundant in the gray sandstone or be- vviuh)-'ic.'xl interest, inasmuch as it enables v

tween their strata; This cliff is very beautiful, the top being gray sandstone, the - :m‘ ”'; the bedded trap and conglomerate.

middle red, and the bass striped alternately with gray and red. The cliff is perpen- “On the east side of section 14, township
dicular, affording ne landing place: its height is 40 feet. The whole of this sand- 8 forming the southern shore of Béte du_Gris
stone coast is abroptly precipitous, and it is dangerons for boaty to be canght by high from the trap, it is nearly borizontal. Th
winds oo such a lee shore. The wind was in such a direction that I was enabled to welloW o bux}',' while others are brick-red. |
sail quite near the rocks on the wind, se ag to chserve them leisurely as we ran along colormd ¢lay and red ocher, hydrous peroxid

the coagt.” - S W Foiter and J. D. Whitney, 184849,

. IV. Foster,1848. (Letter ts Dr. C. T. Jacksen; United States Geologist, dated of the Lake Superior Land Distriet. Par
mouth of Menomonie River, September 28, 18438. Senate Documents, Thirtieth Con- Hunse Docnipents, No, 69, Thirty-first Co
gress, second session, 1848, Vol. 2, No.2, p.160.) ‘At Béte-du-Gris Bay, where the Bo- conglunerate, north of the axis of elavation
hemian range approaches the lake, we found that the trap, instead of being forced %;.;l,m ou the southern slope, the sandstor

through the layer of sandstone, as observed in the northern slops of Keweenaw peint This iv beautifully exhibited by the laks s

was protruded through a fissure in the sandstone, tilting it'up and causing an auti b The sandstone is seen in the bottom of

clinal axis. The bearing of the siratified rocks here is fonnd 1o be northeast, and «f white and red, sweepiug round in curve:

the dip 76° to the southeast. A fow miles further south the rock becomes nearly pean rueky, s we receds a few miiles to t

horizental, and between that point and L’Ance it acquires a series of gentle undnla

post between sections 27 and 23), above B
bearing N. 223° E., and dipping sontherly.
nearly three-fourthsof & mile. It is white

tions, se that little importance was attached to any of oar observations, as to its *1 This weo take to refer to sandstone patel
bearing and inclination.” 3 sbonid vvidently read 29, since t.ln_are is a. hzn

J. . Foster, 1848. (Letter to Dr. C. T. Jackson, United States Geologist, dated: aadd 2} (the one described by Rominger, infr
August 25, 1849, Senate Documents, Thirty-first Congress, first session, 1849, Volf them 27, aas stated by Rominger am.i showrn al
3, No. 1, p. 787.)  “Two miles above Sibloy’s landing, sandstone composed of whit H. 4. This error is repested in several
aud red bands is observed, dipping easterly < 85°. Inthe bottom of the bay ib is exs Frster and Whitney. ) .
posed admirably, and can be examined to advantage when the water is calm. Ite ! Thern baing no section 36 in ?h"' townslfl
hibits a series of curves, conforming apparently to the Bohemian range. I wasexidfe B abould read ‘24,7 tbet{ this siatemen:
ceedingly anxious to trace out the bearings.of these curves, but the party wouldn tietw are no anch strikes and '11_9‘“‘}"" °b‘“"""’~".
submit to the detention.”+ : . : : wmsthiiag ke it for s short distavce.  The *

J. W. Foster, 1843. (Report o Dr. C. T Jasckson, Usnited States Geologist, Sena st against vrick-red cunglome!sfah“;lrﬂ ‘
Documents, Thirty-first Congress, first session; 1849, Vol. 3, No. 1, p. 782.) “QOn th »wam red couglomerate interieaved “’"i S
south side of Kewocenaw Point (section 27, township 58, range 28, pear the meande *ay like that of *ihe northern alope,” nor i

tae aerrinal vaguenesy of theso dmweriptions
mtie of the Government documents of st
*®want iz thes and other quotations et 3

Sutzey, 1t should be aaid, however, that |
sxim waiements by Jackson sod etbers
widition 1o (home pot.x} on Flate 11 sod st |

Yiad yet thews sandstones WM
g the contact: “Franecre toweln, co o
*This evidently refers to the same place as described By Jackson ina preceding * dgam 3 mispriot, siace thare is MM*

o

! We take this to refer to sandstone exposure C of Plate 11,

* We take this to refer to exposure A of Plate II. )

3 We understand this to be a general account of the conditions on the north side o
Béte Grise Bay, rather than a reference to any one locality. Certainly, however;
bearing of the sandstone to the northeast and 3 dip of 76° southeast are not genera
conditions, but purely local ones, holding at most for a few feet only, since the sand
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«© ia Bellee * * * In following the course
examined the rocks very particalarly at their
lstone is observed in large blocks sunitable for
‘t or strong. The strata in place dip southeast
rith the trap, and for half a mile north, the rock is
utline [outlier] projects into the lake, so that we
1e belt of trapin tbe rear of this breccia is only 40
' the landing of the Clinton Company. During a
s wharf, I took an observation for time, and then
od of trap a quarter of a mile wide was seen be-
©. A cuorious crescentic band of white sandstone
ater, and abont half a mile frown the shore. After
in to red sandstone strata, dipping to the south
I sandstone cliff, consisting of .alternate layvers of
nearly horizontal strata. Orbicular whitespots,

ntly in the red sandstone, and appear to be con-

chalk-are abundant in the gray sandstone or be-
iy beautiful, the top being gray sandstone, the
ernately with gray apd red. The cliff is perpen-

its height is 40 feet. The whole of this sand-
ind it is dangerous for boats to be caught by high
1d was in such a direction that I was enaliled to
1, 80 as to observe them leisurely as we ran along

. C. T. Jackson, United States Geologist, dated
aber 28, 1848, Sepate Documents, Thirtieth Con-
0.2, p.160.) *‘At Béte-du-Gris Bay, where the Bo-

we [gapd that the trap, instead of being forced
bserl the northern slope of Keweenaw point,
‘he saliUstoue, tilting it up and causing an anti-

ratified rocks here is found to be northeast, and
v miles further south the rock becomes nearly
ind L’Ance it acquires a series of gentle nudula-
1 attached to any of our observations, as to its

r. C. T. Jackson, United Btates Geologist, dated -

8, Thirty-tirst Congress, first session, 1849, Vol.
e Sibley’s landing, sandstone composed of white
gasterly < 85°. Inthe bottom of the bay it is ex-
1ed to advantage when the water is ealm. Itex-
g apparently to the Bohemian range. I wasex-
earings of these curves, but the party would not

. C. 'T. Jackson, United States Goologist, Senatc
rst session, 1849, Vol. 3, No. 1, p. 782.) “On the
ion 27, township 58, range 28, near the meander-

te exposure C of Plate II.

: A of Plate IL.

-al account of the conditions on the north side of
ence to any one locality. Certainly, however, a
theast and a dip of 76° southeast are not general
nlding at most for a few feet only, since the sand-
v different bearings and dips along the contact.

e place ag described by Jackson in a preceding
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’ post betweén sections 27 and 28), above Béte du Gris Bay, saudstone is 10 be seen,

bearing N. 22 E., and dipping soutberly, or away from tie trap, for a distance of
poarly three-fourths of 2 mile. It is white and granular, destitute of pebbles, and
pearly so of iron.!

- % On section 36, township 58, range 29, it is again seen on the shore of the lake for
the sixth of a mile, abutting agaivst & bed of brick-red conglomerate. Course N. 45°
E., dip 76° 8E.0.2 )

« ¢This congiomerhte band, about twenty-five feot thick, isidentical iu lithological
characters with those on the northern slope of the axis, and laps on the chlorite rock.
The same is seen on the Lac 1a Belle location, but beyond that poiut we have not been
able to trace it. The sandstone here consists of alternating bands of red and yel-
Jowish silex, with no trace of lime. .

-4t {n the bottom of the bay, at this point, when the water is calm, the buff and red

- bunds cun be seen describing immense curves, parallel to the direction of the Bo-

hemian range of mountains, and affording conclusive evidence that their bearing and

.uplieaval are due to the protrusion of the igneous rocks.® This is a point of great

geological interest, inasmuch as it enables us to fix the relative ageof the trap ravge
and of the badded trap and conglomerate.
-+¢On the east side of section 14, township 59, range 29, the sandstone is again sven,
forming the southern shore of Béte du.Gris Bay. Although removed but a few miles
from the trap, it is nearly horizontal. The rock is very fissile, some of the layers
yellow or buff, while others are brick-red. It contains numerous concretions of dove-
colored clay and red ocher, hydrous peroxide of iron.”

J. . Foéter and J. D. Whilney, 1848-49, (Geology and Topography of a Portion
of the Lake Superior Land District. Part I. Copper Lands, Washiugion, 1830.
House Documents, No. 69, Thirty-first Congress, first session, 1830, p. 66.) ‘“The

. conglomerate, north of the axis of elevation, rarely attains a greater inclination than
- 45°, but on the sonthern slope, the sandsione is observed dipping at an angle of 73°,

This is beautifully exhibited by the lake shore, on section 33,* towuship 58, range
29, The sandstone is seen in the bottom of the bay, composed of alternating bands
of 'white and red, sweeping round in curves, conformable to the course of the trap-
pean rocks. As we recede a few miles to the south, the strata are observed to bo

+1Tkis we take to refer to sandstone patch C of the map of Plate II. Bection 27
should evidently read 29, since there is a long streteh of sandstone on the coast of 28
and 29 (the one described by Rominger, infra), and no snch patch on the shore of sec-
tion 27, as stated by Rominger and shown also by thesarvey-notes to the plat of T. 58,
R.28 W. This error is repeated in several other places in reports by Jackson and
Foster and Whitney.

2There being no section 36 in this township, there is evidently a misprint here. If

436" should read ““26,” theu this statement refers to the sundstone A of Plate II. But

there a1 no such strike and dip to be observed at A, whilst at the embayment B there is
something Vike it for a short distance. The “367 should then read 257 Ko “abat-
ment? againsr brick-red conglomerate was observed bere, however, thengh there ix
some red conglomerate interleaved with the sandsione, butthis conglomerate is iz no
way like thiat of *‘ the northern slope,” nor is there any ‘‘ chlorite rock.” What with
the original vagueness of these descriptions aund the punmerous misprints character-
istic of the Government documents of that time, it is difficult to tell just what is
weant in these and other quotations hers given from Jackson and from Foster and
It shonld be said, howaver, that it is pessible that some of the unaccount-
able stutements by Jackson and others may refer to an exposure of saudstone in
addition to those notud on Plate II and not known to us.

®And yet these sandstones are crowded with fragments derived from thege same
igneous rocks.

¢ Again a misprint, since there ig no such section in this township.
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EASTERN SANDSTONE AND KEWEEXAW SERIES. (nren. 3.

nearly horizontal. In the two adjoining townships west, this TRIO PEESeTVes ity
distinetive character; bus beyond, it sinks down into sloping Lills two or three huy-
dred feet iu height,” ]

(Ibid., p. 112.) “Ou the south side of Keweenaw Point, (section 27,1 township 52,
range 28,) above Déte Gris bay, the sandstone is seen bearing nocth 924 vast, und E
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Fiu. 1.—Showing relation of the Kastern Sandstone and Koweenaw
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dipping southeast, or away from the trap, al au ay-
gle of 789, and cau be traced 2loug the lake shore for
three fourths of » mile. It iy ngariy white in color, |
composed almost entirely of silicious particles, and 4
would form an excellent firestone. On section 36,
towunship 53, range 29, it is again exposed, danking §
& thin baud of conglomerate. It here consists of al-
ternativg bauds of o white and red color, having a
highinchnasion.  In the botton of the bay, wheu tha
Inke is tranguil, these bands can be seen describing 4
immense curves, conforming in direetion to the course =
of the Boliemian range. Thisis a point of much in- /g
terest, as itenables usto solve the problem of the rel- :§
ative ages of the unbedded apd sheet trap and of the
associated sandstone and conglomerate. Their order
of succession is Liere distinctly traced. .
3 ““On the eastside of section 14, township 57, rango 4§
29, the sandstone is observed in-low ledges, forminy 4
the southern coast of Bete Grix bay. Althongh but s
a few miles removed from the igueous rocks, it re-
poses in u nearly horizontal position. The rock is
very tissile, of a deep-red color, and coutains patches
of dove-colored clay and DOcher, or hydrous peroxide
of iron. Tlere are ulso numerous concretions, re-
sewmbling, at first sight, the vertebre or Jjoirts of
crinolds, the monld being filled with pure white silex,
while in the center it is not unusual to see a dark
speck corresponding with the alimentary cavity or
internal canal,”?

I, D, Irving, 1380, (Copper-Bearing Rocksof Lake |
Superior. Monographs United States Geological Sur-
vey, Vol. V, Washington, 1383, p. 353.) “The north
shore of Béte Grise Bay, as shown on a previouns page,
is made of lew cliffs of Keweenawan dinbase aod
melaphyr, with seme quartziferous porphyry, all dip
ping northward at a high angle; whilo the west shore.
of the buy lies in the lowland underlain by the East-
ern Sandstone. In the angle of the bay the two for
mations come together; and their contact may b

The savdstone, of which a considerable thickness may:
ure, dips seuthward at angles varying from 55° at Lhe con
tact to 30° and less at the peint farthest removed from the contact. Jtiswade upo
alternating whitish, quartzose, fine-grained layers, and thinper ones of red shale; the
from a few inches to several foel in thickuess. Some of the red layers

fullowed for a long distance.
be seen in continuous expos

latter running

! Apparently a misprint or mistake again for 29. These statements are plaiuly re-

Peated from one report to another, the errors continuing throughout. It is singular:

that when there are such variatious in dip and strike ab each of the three saudsione-

calities on the north shore of Béte Grise Bay, single ones, which hold sometimes for
should be given in these general statements.
*Evidently repeated from Jackson's report, as quoted shove,

a few feet only,

B s
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P i ro strongly conglomeratic, the pebbles being ;
e ar, and composed in the main of red felsite, b
eweenawan diabase and melaphyr. The acec
1, representing a length of about 150 feet, is d
outact. The junction Jine between the sands
bilar, and as the shore of the bay is followed east
remaining iv embayments of the older rocks o
waters of the lake the beveled edges of the alt
stone may be traced for hundreds of feet in
point of Béte Grise Bay, below the ship-canal,
‘Tnid., p. 184.) “On the north shore of Béte
whets the contact with the Eastern Sandstone
luster-mottled welaphyTs, though mueh crura
rits and caleite. All of these melapbyrs-are
the thin section, is chiefly represented by a br
Iu the same work, p. 74, the above-m¢
is described as follows, the specimen
taken having been obtained from neal
. on the southwest guarter of section 27
s Microscopic characters: fine-grained, gr
'oustituenty, as determined by mieroscope, i
and wholly altered to » green snbstanee, wit
vith the maguetite into the interspaces of the
angite, in the characteristic areas.”
. Lominger, 1834, (Manuseript notes.) T
contarniabio abutment. of Silurian sandstone
Copper-Bearing group ave seen along the sher
»Near the quarter-post of the south line of
common of light-colored sandstone beds, inters
iavers titled with small, angular, but somew
amd of Jdinbase, projects above the water-li
aadd under an angle of about 3398 Out ix
ssteh rock-beds is observable, partly of Jayers
~aasward aioog the shore we find these beds
= hich «dips nnder a high angle northeastwa
s masch shattered, and the net-work of. fissuri
inre of calespar and lavmonite. “Tho contigs
rocis, which locally is also an amygdaloid, ins
weens 1 the lake-bottom for a much greater d
** Further east another large patch of sand
of metion 29, township 53, range 28.%» In th
dip ander an angle of about 20° south, but;
sastward, this inclination decreases, and fin:
enane i vontiguiry with the diabase, they
Jerality 1a likewise the luster-mottled kind,
weality; the layers show, however,; a distin
1o the northeast under a high angle is ph
sandstones with the trap-rock is also from
stral water., Further east all the shore is fc
phyTItia rock.”? : R
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E w a3 owmomaix] THE JONCTION ON BETE GRISE BAY. 17
; atw strangly conglomeratic, the pebbles being generally of small size and often angu-

taz, and compossd in the main of red felsite, but also in some measare of the ordinary
. d melaphyr. The accompanying eection [reproduced ab ¥ig.

Erweenawan dizbase an 2 ) . :
-} representing s length of about 150 feet, is designed to illustrate the 1_|atu1:e of' 1his
L emmtart.  The jauction Jine between the sandstone and the older rocks is quite irreg-
. slar, and as the shore of the bay is followed eastward, patches of the sandstone are secu
' he older rocks on the cliff side. Underneath the clear

pezunintog in embayments of t
. .araters of the Inke the beveled edges of the alternativg bands of red and white sand-
- _shope Ay be traced for bundreds of feet in great sweeping curves. On the south
- pedpt of Bbts Grise Liay, below the ship-canal, the sandstone lies horizontally.”
- {Imid, p. 184.) On the north shore of Béte Grise Bay again, in sections 25 and 26,
. where the contact with the Eastern Sandstone may be seen, the rocks are prevailingly
-juster-wottled melaphyys, though much crumbled, altered and seamed with lanmon-
£117 sud osleite. All of these melaphyrs are exceedingly rich in olivine, whicl, in
the thin ssction, is chiefly repressnted by a brown or red alteration-product.”
, In the same work, p. 74, the above-mentioned luster-mottled melaphyr
i deneribed as ‘ollows, the specimen from which the thin section was

“tsken having been obtained from near the contact with the sandstone,

on the southwest quarter of section 27, township 588, range 28 west:
st Microscopic charachers: ﬁne»graiﬁed, greenish-black,” greasy, ‘luster-mottled)

)

BAY, KEWEENAW POINT

TE GRIGE

A
BE

; {onstitnents, as determined by mieroscope, in order of age: olivine, very abundant
© mud whelly altered to & green substance, with brown and red stripes, and crowded
with the magnpetite into the interspaces of the augites ; anorthite, fresh, tabular, smail;
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wmaonelile ;_augile, in the characteristic areas.”
¢ Dominger, 1834, (Manuscript notes.) ‘‘The best of all exposures showing thoun-

.
~¢onformabie abutment of Silurian sandstones agzainst steeply erected beds of the

D KEwE

linch =100 feet,

-~ Qopper-Bearing group are seen along the shove of Béte Grise Bay.
* Near the quarter-post of the south line of seetion 26, townehip 58, range 29, a sue-
eession of light-colored sandstone beds, interstratified with brown-colered, brecciated
lavees filled with small, angular, but somewhat water-worn fragments of porphyry

aund of diabase, projects above the water-line, dipping sovthward away from the
Ont in the shoal water a continued series of

8cale

imad, ander an angle of aboutf 3502
anch rock-beds is observable, partly of layers which are ripple-marked. Proceeding

sastward along the shore wo find these beds in contaet with luster-mottled diabase,
which dips under a high angle northeastward. The diabase on the line of contact
is much abattered, and the net-work of fissures in the rock is replenished with a mix-

- ture of calespar and Jaumonite. The contiguity of the sandstone with the trappean
rock, which locally is also an amygdaloid, instead of the luster-mottled kind, can be
seen in the lake-bottom for a much greater distance than on the shore.

“Further east another large pateh of sandstone occurs on the shore near the center
2 In the ounter portion of this patch the strata

of section 29, townsbip 03, range 282
dip ander an angic of abont 20° seuth, bot, fellowing the exposnres aiong ihe shore
sastward, this inclination decreases, avd fivally, near the epot where the sandsiones
come iv contiguity with the diabase, they afe borizontal. . The diabase in this
Joeality is likewise the luster-motiled kind, shattered and recemented as in the first
locality; the layers show, however, a distinet bedding, and the direction of the dip
to the nortbeast under a high angle is plainly recognizable. The contact of tho
saundstones with thlie trap-rock is also from here, for quite a way, traceable in the
Further east all the shore is formed of diabasic, amygdaloidal and por-
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shoal water.
phyritic rock.” -
! This is the sandstone A of Plate 11,
‘Vl‘hisbis the sandstone C of Plate II.
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18 EASTERN SANDSTONE AND KEWEENAW SERIES, [BULL. 73]

The ubove quotatious apply to three distinet exposuves of sandstond
on the north shore of Béte (rise Bay. Of these thres we examined, iy
October, 1884, the westernmost two, whose positions ure shown on thd
accompanying mapeof the north shore of Béte Giise Bay, Plate II
Upon the same map we have inserted the easternmost of the thred
masses, on the anthority of Dr. C. Rominger. These three sandstond
patches; though separated from one another by long intervals whichf
are occupied by Keweenawan melaphyrs, diabases, ete, ; A8 one sees them§
on the cliff line, are actually in direct continuity with one another under§
neath the waters of Béte Grise Bay. Here, in calm weather, the waterg
beiug shallow aud exceedingly clear, the conuecting masses of saudif
stone can be followed, and even, as Dr. Rominger has stated in thel
quotation above given, the junction line between the sandstone and theff

" traps can be traced.

As one follows northward the long sand beach which forms the west.
ern margin of the bay, the first rock met with is a reddish, clayey and§
often shaly sandstone, thickly crowded with dark-colored fragments of |
the varicus eruptives of the Keweenaw Series, for the most part quite
angular. The angularity of these fragments is exceeﬁingly striking;#
aud is quite convincing as to their nearness to the parent rocks. Theyf
run from the size of a pea up to two or three inches, and occasionally »‘;t
even more, in diameter. In the above guoted description of this place; §
previously published by oue of us, these pebbles are spoken of as pre-
vailingly of some of the acid members of the Keweenaw Series,.al-
though it is noted that fragments of the basic eruptives are also aban-
dant. On the re-examination, however, the greatly prevailing dark
colov of the fragments struck us as very noticeable, and on breaking
open a number of them we became convinced that Pieces of the basie§
rocks are quite largely predominant, though nambers of them are ,
plainly derived from the usnal felsitic and granitic porphyries. Amongif
the basic fragments many derived from the matrices of the ordinary
diabases, amygdaloids and psead-amygdaleids were recognized, as als
numerous others derived from the luster-mottled melaphyrs. Al%
though they are often considerably altered, the recognition of th
ii‘llg'nleuts as derived from these eraptives is perfectly simple and eas
to any oue fawmiliar with the Keweenawan eruptives. Moreover, in
number of instances our recognitions have been confirmed by the study
of these tragments in the thin section. This couglomerate layer isin
all some four feet thick, but in the middle of this thickness is inelud
an eight-inch seam of red clayey shale, the pebbles disappearinq
Above the conglomerate are seen three inches of white quartzose sands
stone, one inch of red shale, three feet of fine angular reddish co ,
glomerate, and then other reddish layers which were not closely e -4
amined, being covered by the waters of the lake. : ’

Beneath the conglomerate bed first described are three feet in thick
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THE JUNCTION ON BETE GRISE BAY. 19

neRs of 8 reddish sandy sbhale thickly studded with wica scales; and
h,neath this again a white quartzose sandstone. The thin section of

- {bis sandstone showed that while it is composed in great predominance

of goartz fragments, wany of which, here and theve, show secondary
enlargements, 1 there is §et Loummed a quite noticeable proportion of
fragments derived directly from the basic members of the Keweenaw
Series. Occasionally the fragments are large enough to be seen in
the Lapd specimen with the naked eye. When distinctly recoguizable
‘microscopically they are seen to bave been chiefly derived from tbe
matrices of some of the amygdaleids, being composed of minute tabular
plagioclases imbedded in a non-polarizing red-stained matrix. These
fragments are uoticeably angular, and in this respect preseut a striking

- eontrast with the quartz fragments of which the rock is mainly com-

ed.

. Beneath this sandstone layer succeeds now a series of alternations

entirely similar to those already deseribed; the white sandstones, on ac-
count of their greater hardness, frequently projecting towards the lake
in such a way 28 to overhang the little shingle beaches that have been
formed bebind them. The red shale layers and shaly conglomerates,
on the otber hand, being soft, have usually washed to a more upiform
surface, and, in several instapces, they have heen found forming the
cliffs at the bottoms of little coves, whose sides ure made of the layers
of barder white gnartzose sandstone. These white sandstones contrast
very strougly in eolor with the red shales and conglomerates with which
they are interstratified, and, underneath the waters of the lake, the
wdges of the alternating ved aud white layers may be traced for long

-tistances in great curving bands.  As this succession of layers, which

strike S. 80° E. (trne), is crossed to the northward, they arve found to
take steeper angles of dip, the northernmost layers seen reaching H3°
and even $0° in southward inclination. Indeed, the increase in dip is
often noticeable i individual layers; for instance, in the fivst white sand-
stope layer t6the southward of the more northerly rocks next to be de-
scribed.  The position of this particular layer is indicated on Plate 1V,
and is aleo shown at the left of Plate 111, which is taken from a photo-
graph, the direction of outlock béing south of west from the point A of
the first-named figure.

Immediately to the north of this sandstone layer comes in a belt of
very soft red shale and shaly breccia.  The position of these red lavers
is indicated on Plate IV, In the views of Plates II1 and 'V thex also
show in the Jeft center of ihe picture, extending from the shovel shown
Iying against the bank as far as the projetting Jayer of white sandstone
above mentioned. Measured along the banl, which bere trends north of
east, these luyers have a width of some t\vdv paces. They are alter-
natingly quite soft red shales, containing numerous minute wica scales,

1Bee Bulletin No. 8, United States Geological Survey.
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and layers of sharply angular fragments of the various Keweenawan 45
eraptives thickly set in a red shaly matrix. Among these fragments, &
which in the main are rather smaller than those seen in some of the
higher conglomerate or breceia layers, many are recognizable as identi- «
cal with the altered, luster-mottled melaphyr lying immediately to the » B
north, or, as one follows the course of the bank, to the northeast. &
These soft, red layers, and the broken and altered rocks immediately 4§
to the north of them, bad so crumbled and weathered down that, in
order to eake out the exact succession Liere, we were obliged to strip =
the hank somewhat thorovghly for a distance of some 30 feet. On zf
doiog this we found mmediately beneath the red Inyers just described, ZE
which essentially form the base o the Eastern Sandstone at this place, 4§
avout three inches of a red clay resembling what is sowetimes found
in joints or fault fissures. In this clay, however, are some traces of a
lamination according with that of the shales above, so that we did not
feel certain as to whether it sbould be looked upon as a fissure clay or
as forming the base of the red layers immediately to the west and
south. It seemed to us, indeed, that this clay might belong in some -
measnrs to each of these categories; 4. e., might be the buse of the red -
shale rubbed into a joins elay by fauiting ootion. The position of this
clay seam is indicated by the shovel in the view of Plates IIT and V.,
Measuring along the bank eastward from the red-clay seam just de-
scribed, we iind a 9-foot face of a breecia, formed of fragments, mainly
from one to four inchesin maximum dimensions, but occasioually reachs
ing & foot. The greater part of these fragments are similar to the
melaphyr seen in the bank immediately to the eastward; but some are
coinpact, dark-colored dinbase, similar to a rock that lies along the
shore sowme thirty rods or more to the eastward. Others again are com-
pact, fine-grained and dark brownish, and may in some measure belong
to the acid or intermediate rocks of the Keweenaw Series, but on the
ground we took them to be mainly of some of the basic kinds. They
are ull angular or subangular, but for the most part show some blunt-
ing ot the anglea. Between them often lies u reddish clay, like joint
cluy, that does not appear to form a true matrix, as in the case of the
conglomerates farther to the south and west. As the fragmeuts are
taken out this clay commonly coats them, and in many cases shows
strougly marked, shining, *slickeusided” surfaces: This zone of bree-
cia, theu, we do not take to be a part of the sandstone series proper,
but rather to be a junction débris which has resulted from a faulting
motion that bas taken place between the sandstone and the trappean

series. It seems quite possibie thab decomposition, which is so common
& phenomenon at the contacts of diverse formations and whieh is so
apparent in the adjoining melaphyrs, had prepared the way for the
¢asy production of this débris. In the view shown in Plates III and V
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this zone stretclies to the right from the shovel to the first pole laid
oagaivst the bunk., Its position is shown on Plates 1V and VI.
.o+ As iudicated on Plate IV, the entire width of the sandstone series
“+ here exposed, measured upward from the upper limit of the breceia
< gone just described and at right angles to the strike, is 230 feet. With
an average dip angle of 350 this® width corresponds 1o a thickness of
*133 1eet. :
- Next east of the zomne of fault débris the bank shows a face of eight

i

R,

' >
3 oy
; :<J feet in width of much-broken, altered and decomposed melaphbyr, em-
i 3 .bracing a considerable proportion of secondary matter, especially chlo-
f z rite and calcite. The position of this zove is indicated in the several
! 2 figures already referred to. In the view of Plate III it extends De-
; z ~tween the two poles seen Jying against the bank. It is not separated,
5 .~ owever, from the brecciated zone immediately west of it by any
: ? w-definite live; the two grade into one anothier insensibly. Neither is
< ~ @ there any distinet live of demarkation between this zone and the
¥z melaphyr, wittch extends some distavee farther eastward,
g E " Foliowing the bank eastward, this melapbyr is fonnd becoming more
§ 2z ; aund more compact, though wuch veined with laumontite and ealeite. At
: 9 2 . the point B of Plate IV it comes out to the water’s edge and forms
g 3z the bounding ¢liff of tlie bay. Here the rock is much fresher, and is
: > 3 © . seen 10 be one of the typieal luster-mottled melaphyrs of Pumpelly .t :
X i i\ The luster-mottling is rather small, the rock belonging to one of the :
; Z @ f - finer-grained phases of its class, but is rendered quite apparent on ; :
' . ! weathered surfaces by the reddish decowposition of the olivine and j
- - < " probably also of interstitial glassy substance. In the thin section the .
i W ' olivine is seen to be peculiarly abundant and in unuosually lurge
TE . grains for the size of the Iaster-mottling. It is wholly altered to a b
* grecuish material, which is also often combined with muel oxide of iron. :
) : e " . The plagioclase, which from the angular measurements appears to be
i 3 5" .. near anorthite, and the augite are both often quite fresh. The usual
: ! i g w pagnetite is present. The dip of this rock is not satisfuctorily seen at
: ool ; = i this place, inasmuch as for a considerable distance we are dealing with
PR : 5 H ouly oue great fiow. Nevertheless, from the general occurrences else-
g i ': > * Where met with along the Bohemian or southern trap range of Kewee-
e .:. ..... R .| Z naw Point: from t’heﬁnorthern dips which characterize the section im-
A ¥ ©wediately 1o the northward of this as far as Mount Boughton; from {he
: . Similar northern dips met with within half a mile io the eastward, along
coo = the Béte Grise clifis, where one of us saw in 1850 at least one bed of
: ' N o - conglomerate interstratified in the traps; and from the similar northern
‘ K 5 ? -~ dips deseribed by Dr. Rominger as obtaining all along the coast to the
Z exiremity of Keweenaw Poijut and along the lower reaches of the Mon-
O —

s of Lake Superior, Pro-

© IMetasematic Development of the Copper-Bearing Rock
ceedings American Academy of Sciences, Vol. X111, pp. 269~270 ; Geology of Wiscon-
sin, Vol. I1I, p. 83 ; Copper-Bearing Rocksof Lake Superior, Monographs United States

-

Geological Survey, Vol. V, pp. 68-77 und Plate IX. .
(4 s JU! -
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sandstone exposures at the northwest angle of the bay, already de-
scribed, the cliffs are entirely composed of Keweenawan melaphyrs and-
diabases, which strike in this distance apparently more to the north
ward than the coast line, and rise very abruptly from the shore-eliffs
into heights of more than 500 feet. At the westernmost point of this
exposure of sandstone it is found striking N. 390 E., or sharply in shore, ; i
and dipping 469 to the southeast, while within a few steps to the west-
~ ward the Keweenawan diabase is seeq. This, then, is the 8ame june«
tion as above deseribed, where the strike of the sandstone was, however
S. 800 Ii.  Between the two places much of the northern edge of the
sandstone muy be seen beneath the waters of the lake. This north- & 4
ern edge thus forms a ereat carve, which here reaches the shore again -3
in its conrse, Continning onr examinations of this sandstone to the
eastward, we find the strike gradnally changing, until, at 235 paces ;
from the beginning, it is ouly 90 east of north, with an eastward dip

..)3 EASTERN SANDSTONE AND KEWEENAW SERIES. ix:m,r..g’

treal River—it iy belie red thai the inclination here is at o very higﬁ {
angle to the northward, with the strike to the north of east.! #]
The sketeh of Plate VI is q general outline view of the various exg
posures above described looking south of west from the point C of Platg§
IV, In the distance is seeu the low land immediately behind the lTona
sand beaeh which forms the western shore of Bite Grige Bay (see PlaggE
I Iu the middle distance are shown the alternating sandstones and
conglomerates of the Eastern Sandstone dipping southward. Followin§
these towardsthe foreground, we come upon their junction with the trapg
at the central point of the sketch. The irregular rocks in the forégmun g
are composed of black welaphyr, and are the same as showu at the exy 4
treme right of Plage IV, 4 photograph was taken showing this s;nné
view, but u slortunately when the plate was developed it did not prov&
to be sutticiently successtul for reproduction. The outlines of the Viev%‘z
were, however, sufficiently distinct for us to trace from, and in that
way we Lhave constructed this sketch. '
The second of the three sandstone localities on the north shore ¢
Béte Grise Bay is the- one marked B on Plute IJ. ‘Between it and th

Sendifone. 7,

an=

Fre. 2.—Embayment of Eastern Sandstone at B of Plate I, north shore Béte Grise By

79

: ——
‘Copper-Beuring Rocks of Lake Superior, Monographs United States Geologieal

Survey, Vol. V5 pp. 179-185 also Plates X VIT and XVIII.
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“ of 550. Nine steps further there is a sudden overturn, and a little syn-
‘glinal appears in the cliff’ face, the dip in the bottom of the synclinal
- being 240 to the north, and strike N. 79° B, Ten steps further this dip is
changed again for one of 63° to 759 to the soutbeast, and the sandstone
. layers can be followed in mearly vertival position along the chif line,
i ++ which here forms a re-entering curve, corresponding to a similar curva-

D e
- ——

- . ture in the strike of the sandstone layers. As we follow this curving
- eliff eastward, the dip of course changes gradually to a southerly and
+ again to a southwesterly one, at the same time first increasing to verti-
ccality and a few degrees beyond, and then returning to a somewhat
fiatter dip. Underneath the water in frout of the cliff a Jong succes-
‘sion of similarly curving bands of sandstoue may be seen. Finaily, at
‘about 20 rods from the beginning, the sandstone leaves the coast again,
* gtriking in a sontheasterly direction, and the cliff is composed once more
- of the ordinary Keweenawan eraptives, which rise jmmediately bebind
in bold bluffs several hundred feet in height. From the face of the
Keweenawan traps the sandstone has in part fallen away, but in partit
has adliered to them and the exact contact may be seen. It is nofe-
worthy that the trap at the contact is not now a luster-mottled
melaphyr, but is, on the contrary, one of the ordinary diabases of the

s

Keweenaw Series, much altered and more or less fine-grained. The
‘sandstone here is of the same nature as at the first described place,
being prevailingly quartzose, interstratified with reddish shaly por-
tions and carrying in some parts many fragments of the underlying
rocks. Nevertheless it is evident that the contact here is not ab
exactly the same horizon of the sandstoue series as in the other
instance.

To the eastward from this place we know at present of no sandstoue
on the Jand except that at the point C of Plate IL . ot having exam-
ined this point ourselves, we do uot attempt to add anyihing to the
statements of Dr. O. Rominger, above quoted. Between these two
points, however, the curving edges of the south-dipping sandstone
strata may be traced for considerable distances. Possibly they could
be followed for the whole distance in calm weather. From the appear-

ances one ol us saw along the shore of section 30 fromw a boat, being
unable to land, he suspects that there may be here at leart one more
embayment of the sandstone like that at B. .

.

WALL RAVINE.

The ravine to which we have given this name, on account of the
somewhat striking natural wall of sandstone extending into it from the
south side, lies in the north half of See. 20, T. 56, R. 33 W. Our at-
tention was first drawn to this very interesting and important place by
Mr. West, chief engineer of the Calumet and Hecla mine. 8o far as
we have been able to learn, no geologist had previously made any ex-
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‘ amination of this pluce; cértainly we have met with no rveference to if
in the various publicaticus with regard to Keweenaw Point geology.
i The portion of the ravine which was examined by us in detail is indi-
ated 1o plan on ¥ig. 1 of Plate VII. At the castern end of the area
there mapped, in the bed and on the sides of the stream, we noted
red shale and white quartzose sandstoune, dippiug down stream, or soath-
easterly, at an angle of 600 to 659, the individual layers being seen to
curve frcm the flatter angle below to the steeper one above.
i Tollowing now the bed of the stream upwards, we foand, at 30
steps from the first exposure, another one of red sandy shale, holding
pebbles of various Keweenawan eruptives, basie and acid, exposed in
a slide af the foot of the wall of the ravine and also in the bed of the
stream.  Here the sawe curvature as before was seen, bab the dip is
now increased to 759 southenst.  arther up-stremm for 75 paces both
walls of the rovine show partiaily covered exposuares of red shale and
shaly conglomerate, with interstratified seams of harder, white, more
purely quartzose sandstone, upon which we-did not make any measure-
ments, but all of which, so far az we observed, present the same high dip
down-stream. . '
Much more satisfactory exposures, however, begin at the end of these
75 steps, and continue up-stream for some distance. . These exposures
are in the south bank of the ravine. First, on a steap bank, where a
recent slide has uncovered the rocks, is seen a series of alternating |
layers of red shale, shaly conglomerate and reddish, purely guartzose
saudstone, all inciining to the southeast some 75° to0.30°, and resembling
closely the alternations already described as met with in the northwest -
angle of Béte Grise Bay. One point of difference from the Béte Grise
succession is to be noted, bowever. This is the larger size and niove
perfect rounduess of the pebbles of the conglomerate. While these are,
to some extent, snbangular, they never show the sharp angularity of
the Béte Grise pebbles, but, on the other hand, are often unasually well
rounded, and range from the size of a pea to bowlders 18 inches in
diameter. These pebbles, while all plainly derived from the eraptives
of the Keweenaw Series, are less prevailingly from the basic rocks than
in the Béte Grise conglomerate, a consilerablo portion of them having
come from the Keweenawan felsites and granitic porphyries. The char-
acteristic diabases and amygdaloids are, however, abundantly repre-
sented. While on the ground we saw several good-sized subangular
fragments, which we took to be from some of the finer grained Kewee- -
nawan porphyry-conglomerates, an observation which would be confirm-
atory of the very important statement made by Agassiz aud Pampelly
as to the occurrence of conglomerate fragments in the Eastern Sandstons
at the Douglass Houghton and Suint Lowisravines. Theoneamong these
fragments which was brought home proved, however, ou closer exami-
nation in the hand specimeqn and thin ‘section, not to be from- a con-
glomerate, but from a granitic porphyry somewhat crumbled from de-
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- composition. We are unable, therefore, to assert with the positiveness

4 that we could wish that such fragments actually cccur, though on the

" eround we had no doubt of tlieir occurrence,
The Jand-slide showing these conglomerates, shales, etc., is terminated

,7 ou the up stream side by a massive layer, some three feet thick, of nearly
“white, purely quartzose sandstone, which projects from the side of the

_ravive in a wall some 90 feet in greatest height and 40 fect in greatest

.- projection from the slope. This wall is showu in view on Plates VIII
.- and IX, both of which are from photographs taken by us from the op-
,’ posite or north side of the raviue, the first named showing the south-
“. eastside of the wall, the other its vorthwest side. The strongly marked
horizontal joints, wmch are shown in the figures and which so greatly
<increase the resemblance of the rock to artificial wasonry, are not
"~ bedding planes, but cross joints, the direction of the bedding being
" that of the wall as a whole. At the foot of the wall its inclination is
78° to the southeastward ; balf-way up 809, and, at the top, about 850 ;
the course of the wall being 26° east of north. The curvature from
flatter to steeper dips already noted as seen in certain layers farther
dowu stream is tlius furtber illostrated here. On the opposite side of the
ravine the same layer of white sandstone projects in 'a less strongly
marked manner. There is not the least possibility of mistake or erro-
neous iuterpretation as to the vertical position of the layer forming the
wall and of the entire succession of sandstoues and couglomexatnq
The bands of shale and con glomerate occur on botL sides of the wallin
- eoncordant attitude with it.

Up-stream from the wall similar vertically placed sandstones, red
shales and red shaly congloinerates continue to appear in the bed of

the stream, where they produce two small falls, anud in the sides of the -

ravine with some interruption, until, finally, the junetion of the sand-
stone with the-undoubted Keweenawan rocks is wet with. The latter
rocks are represented here, as indicated on the topographical sketch
and section of Plate VII, by a characteristic porphyry-conglomerate
about 135 feet in width, immediately overlying which are diabase and
diabase amygdaloid. The oceurrences at the exact junction, upon which
we made a considerable exeavation with the aid of a force of mmers, are
shown in the accompanying sketch, page 26.

The conglomerate, which just ahove on the banks of the stream shows
in natural exposures of considerable gize, appears in the excavation in
a somewhat fissured mass. This mass, however, is evidently essentially
in situ,-since it retains the characleristie northwestern dip of the series
in the vicinity. The pebbles of this conglomerate are, for the most part,
rather fine, but occasionally reach a considerable size, and are com-
monly of some of the acid eruptives of the Keweenaw Series, particu-
larly of the felsitic kinds.  There is a plentiful mixtare, however, of {rag-
ments derived from the basic Keweenawan eruptnms, this being par-
ticularly the case with the smaller fragments. The rock is considerably
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indurated, and in the thin section the induration is seen to he dae to a
plentiful saturation by caleite.

Obliquely beneath the under face of the conglomerate, which did not
present the appearance of a definite bedding plane, lie about 15 inches

of broken, rounded and crushed rock, imbedded in a dark, reddish-

brown clay, which is manifestly of an entirely different nature from the
indurated matrix of the conglomerate imwmediately above it. ~Next be-
low this clay follows a thick mass of dark shaly material, embracing
trap debriy and fragments of conglomerate and saud frow the Eastern
Saudstone. This mass is evidently of the same nature as fhe material
med with ab the same junction at Béte Grise Bay, as already described,
and on the Douglass Houghton and Hongarian rivers, as snbsequently

¥16. 8.—Tunction of the Kastern Sandstone and Keweenawan porphyry-conglomerate, Wall Ravine,
Keweenaw Point. « ¢, Keweenawan porphyry-conglomerate; 4 b, junction débris; cee, vertically
placed Eastern Sandatone; d, conglomerate layer included in ¢.
deseribed. It is to be noted that this Junetion formation, which is so
manifestly the same at all of these places, is in contact at no two of
them with the same horizon of either the Keweenaw Series or the
Bastern Sandstone. On the contrary, it i3 in confact with horizons
which must belong many feet apart in the different cases. Itis thus

maunifestly not a stratum of either one of the two formations concerned,

but belongs in the space between the two. Measured in the excavation,
along a line normal to the Keweeunawan conglomerate, beginning at u
point about 12 feet below the top of the bank of the ravine, the thick-
ness of this joint material was found to be 10 feet and 4 inches. Meas-
ured on a line normal to the sandstoue next to be mentioned, the thick-
ness is 14 feet. ‘ , :

Next down stream from the joint material Just described, comes the
Eastern Sandstone, which is here of the normal quartzose type, being
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"~ -white and friable.  In the thin section, the rounded particles of this rock
-are seen to be composed almost wholly of quartz, mauy of the grains
. shiowing slight secondary enlargewents.  Mingled with the greatly pre-
‘dominant quartz grains are a few of orthoclase and plagioclase and of
. the matrices of Keweenawan diabasic and felsitic eruptives.  Between
“'the graius there is a romewlhat plentiful filling material of kaolinic sab-
" stance and fine quartz, with hiere and there a flake of muscovite.. The
- junction face between this sandstone and the joint material varies he-
- tween 8.35° E. and 8. 45¢ E. in bearing, and stands about vertically
a8 seen in the excavation, bnt theappearance of sandstone at the oint,
- X (p. 26) of the sketch, immediately at the base of the excavation, seems
o indicate that the face of the sandrione is not plane, but on the contrary
-that it descends by offsets. The bedding of the sandstone at the junc-
- tion is approximately vertical, coincident with what is seen farther down
" the stream, as already described. This is rendered plain, not merely
by joints in the randstoue, but by the presence here of oue of the layers
of coarse pebble conglomerate.
In Figures 1 and 2 of Plate VII we have attempted to show exactly
: the extent and positions of the exposures actually seen along this ravine
as far as we examined it. In Figure 3 of the same plate we give the
stracture which, as we think, these exposures plaiuly indicate.
: In the distance examined 'by us below the junction of the sandstone
¥ ‘and Keweenaw Series, there is displayed a thickness of sandstone with

_Interstratified shale and conglomerate of little less than 600 feet.
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SAINT LOUIS RAVINE.
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This ravine begins in Sec. 19, T. 56, R. 32 N., and runs thence
through parts of sections 20 and 29 of the same township. The expos-
! -ures on it eXamined by us lie in the vicinity of the old Saint Louis
;- - mine. The place is easily reached from Calumet by the old road to
Torch Lake. The following quotation, from a paper by Mr. Alexander
Agassiz, comprises the only published reference to this Dlace that we
-have met with:

v Foster and Whitney, in their report of the Lake Superior mineral district, represent
R the sandstone on the ronth side of the i;ra.p range of Keweenaw Point, as dipping
“ - south and verting conformably upor the beds of 1rap of ihe north vide of the anii-
«elinal axis of Keweenaw Point. This anticlinnd wxis. formed by the Bobeminn
Moufhtain, as asseried by Foster and Whitney, s not found farther south, as far as
Thave had occasion to examine. In two of the ravipes ent through the randstoune
by creeks flowing in an easterly direction from the crest of the range towards Torch
River, near the bead of Torch Lake, we find good exposures of the sandstone, and ju
TS - 7777 two points, one of which was examined by Foster and Whitney, we find ihe sand-
e stone resting uncor;formahly upon the trap which bas still the same northern dip ag
' farther west, of about 42°, The sandstone within a distance of 100 feet from the
trap, dipping north 420, lies horizontully, or rather has at the outside an inclination
of 1% or 2° south. The peculiar bed of chloritic rock, so characteristic of the junc-
tion of trap and sandstone as described by Foster and Whitney, is well miarked, but
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we enn find v trace whatever of iV aasichinal wxis s e £, Favitens, Which e
about 2 iles apart wnd present identical features, O . These TaVines comlucnces

in the property of the St. Louis Mining Company, Sectioy L Township 34, Lange
32 North, about 1§ miles south of Calumet. An oldadit cutering from the ravine into
an abandoned lode plainly shows that the formation siill dips uhont 439 north,
About 600 feet farther cast, f«»Ho\Ving the ravine where the dip of the formution does
not change, we come upou the bed of ¢chloritic rock formiing tie jnuetion of sandstone

and trap, and about 100 feet, farther dows the ravine We come npon horizontal heds ’
of sandstone reaching to the very crest of the ravive, here about 100 fief deep,
plainly showing that the sandstone resty unconformably tipen i ap which bhas a
dip of 429 north, These sawe Lorizontal beds can be fraced the whole lenath of the
ravine for a distance of over 13 ratle.  (On the Position of the Suderone Of e Sonti-
ert Slepe of a portion of Kewesnaw Potut, Like Snperion, Proceadings of the Bosion
Society ol Nutural tistory, Vol. XL, Lebt~13463, pp. 244, 245.)

Fig. 1 of Plate X is a topographical sketch of the portion of this
ravine examined by us, based upoun pacings and coursings measured
with hand compass. -

A few steps above the old stamp mill at the Saint Loujs mine thereis
an artificial opening on abed of porphyry-conglomerate sixand a half fees
thick, the contacts with the underlying amygdaloid and overlving diabase
being both visible. The dip of this conglomerate bed we made by -§
careful measurements to be 470 NW., its bearing N, 260 1, (true). The ‘
display here is so entirely satisfactory as to leave no doubt whatever
withregard to the general northwesterly dip of the Keweenawan roeks
at this place. o -

Eighty five steps down stream from this place, on the same bauk, ata
point between 40 and 50 feet above the bottom of the raviue, the june-
tion with the Lastern Sandstone was found; The sandstone at the
junction and its ineladed bed of conglomerate dip here towards or be-
neath the Keweenawan roeks at an angle of abont 100, striking with
the face of the hill,or N. 400 t0 420 I3, These measnrements were madeon
the Jjunction between the sandstone and an included conglorerate layer,
80 that no room is left for doubt as to their correctness. The sandstone
here is of the usual quartzose type, and both it and the inclnded conglom-
erate are entirely like those seen at the junction on Wall Creek already
deseribed  In the bank above the sandstone the Keweenawan diabase
rises in a large exposure some 10 or 15 feet in beight.  Torlack of time.
We were unable to excavate here sutticiently to ancover the absolute
contact of the two formations, but enoongh was done to carry the dia-
base to within two feet of the sandstone, and to couvince us that-the phe-
nomena here are entirely ziualogous, with one exception, to those met
with at the junction ou the Wall Creek Ravine.

The exception is the norti westerly dip of the sandstone here displayed
at the contact. DBuat this is plainly an overturn dip, and not one indica-
tive of a passage of the entire sandstone series beieath the Kewee-
nhawan, for, in the first place, the dip of the saudstove, 700, does
not conform to that of the Keweenawan rocks, 47°; and, in the gee.
ond place, we find as we pass down-stream from the Junction that the dip-
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.the other side of verticality; after which it rapidly flattens, so as to be,
at the last poiut examined by us, only 150 steps below the junction, as
“Jow as 10° and 9° in a southeasterly direction. Moreover, while the
<gtrike of the sandstone at the junction is somewhat near to conformity
“with that of the Keweenawau beds above, as we pass away from the
- junction it changes rapidly, so as to be much niore to the porthward,
as indicated on the fopographical sketch of Plate X. The exposures
on the sides of the ravine in this distance are at times quite large nat-
~ural ones, and nga}in are so thinly covered with leaves and moss as to
be very easily stripped, so that with the definite and conclusive evi-
" dence as to dips given by the inclusion of conglomerate beds within the
saundstone, there seems no room for doubt that the, entire structure is
as we have indicated it in figure 2 of Plate X. The whole series of
sandstones and included conglomerates and shales here seen is mani-
festly the saine as that already deseribed as showing on the Wall Creek’
Ravine; and all the statements made with regard to one of these
sets of layers will apply equally to the other. The sandstones are
white, and nearly purely silicious, or reddened by a slight admixture of
clavey material, and the conglomerates hold subangular to rounded
pebbles almost wholly of Keweenawan derivation, including the basie
as well as the acid eraptives.

. The junction, however, while it is here somewhere near the same
general horizon of the Bastern Sandstone as on the Wall Creek, is
plainly at a very different horizon of the Keweenaw Series. At the
junction on Wall Creek there is o belt of conglomerate as wuch as 135
feet in width, while at the junciion here the Keweenawan rock is o
diabase, 8ad the first conglomerate belt is a narrow one lying 150 steps

- to the northwest. Experience gained in mining bas shown, as the de-
7 tailed studies of Pumpelly and Marvine have more conclusively done,
that the conglomerate belts of the Keweenaw Series are rewarkably
persistent, so that the absence here of the broad conglomerate helt
wet with on Wall Creek is manifestly not dne to the thinning out and
disappearance of that belt in the short distance of little more thaw a
wile.

That portion of the ravine below the part mapped on our sketeh we
did not reach, but we have no difficulty from what we saw in accepting
AL, Apassiz’s statement iu the paper above guoted that the horizontal
saudstone may be traced down-stream for a distance of a mile and a
half. He certainly, bowever, underestimates the distance from the
junctiou to the point at which the flat-lying sandstone may be seen,
this distavce being not 100 feet but several times as much as this. It
is also evident that Mr. Agassiz canunot have seen the very interésting
displays of vertically placed sandstone which we bave described as
showing in the banks and bottom ¢f the ravine for sowe distance be-
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luw Lie janction, for had he seen them lie could not have failed to notlce,g

them In his paper. It is possible that the removal of timber on thed
summit has somewhat increased the tendency to freshets and has aided ij? "f
excavation and uundermining in the ravives and the production of y§
land-slides on the slopes,.and that as a result esposures are more
avundant than formerly.

DOUGLASS HOUGHTON RAVINE.

The junction of the Eastern Sandstone with the Keweenaw Series
occurs in this ravine in Seg. 36, T. 56, R. 33 W., not far from the east line;
ot the section. I'vom here the ravine runs east and southeast through:g
Sec. 51, L. 56, R, 32 W, to the low land aboat Toreh Lake. That porl
tion of the ravine which is of mteresc in this connection is mapped on
Plate XII. .

This ravine has attracted the attention of several geologists during
the past forty years. The published deseriptions of the occurrences.
here to be met with afford an amusing instance of the very different &
appearances which the saie place may present to different observers. £}
In this case, however, the differences betwgen the-several descrip
tions, while proceedmn in part from preconceived notions as to thes
phenomena which should occur here, have probably not been alto-
gether so derived. The fact is that-the occurrences, unless examined
in considerable detail, are very confusing. Within a few feet of cach s
other quite contmdxctor_y dips and strikes ave to be obtained in -the
sandstone, so that it is not altogether nnnatural that discordant views.
as to the structure here should have been held, the several observers
having devoted themselves probably to (hﬂerenb points without exam-
iniug the whole ground. Even the opposite sides of the ravine present
sections differing in some important respects from one another. In
addition te the difficulties arising from the confused structure of the
sandstone are others presented by the decomposed and often shattered
condition of the Keweenawan beds and by the steep and slippery sides
aiul wooded chinructer of the ravine.

The following quotations comprise all that we have found with: refer
euce to this place :

S W. Foster, 1848.  (Report to Dr. C. T. Jackson, dated Boston, May 26, 1849, Sena
documents, Thirty-first Congress, first session, 1349, Vol.IIL, No. 1, p. 782.) *The
southern junction is more elearly defined ; but the conglomerate, whieb is found in; &
such heuvy musses on the northern slops, is almost entirely wonting. 4

“ Bection 36, township 56, range 33, belonging to the Louglass Houghton Mining:
Company, affords a good exposure of the rocks. The wesp fork of Torch river is here
precipitated over acliff of trap 80 feet in height, near the junction, and thence winds
along through a deep gorge which it has excavated in the sandstone. The sandston&v
is of a light yellow color, and contains nuwmerous pebbles, consisting for the meos
part of white quartz. It dxps southerly or away from the trap., Oun the norsh sid
of the stream, it is seen resting on the trap in large blocks, 70 feet above its bed *
The sawdstone is seen in the banks of this branch of Torch river aé short 1uf,ervals,
and contains greenish patches, giving it a somewhat variegated appearancs,”
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-, W Foster and J. D, Thitacy. (Report “on ihe Geology and Topography of a
N portion of the Lake Saperior Laudv District. Ifouse docuwents, Tlirly-first Con-
gress, first session, 1850, No. 69, p. €7.)  **On one of the affluents of Torch river, (sec-
tion 36, township 56, range 33,) the junction of the trap is beautifully displayed. The
.- gtream s precipitated over a wall of trap 80 feet in height, and thence winds its
vway through a deep gorge which it has excavated in the saudstone. The congion-
" erate differs from the lenticular bands described as occurring with the bedded trap,
..consisting of arenaceous particles loosely aggregated, and countaining, neur the base,
.. -guartzose pebbles. Patches of green and red ochrey clay oceur in different parts of
the mass, in a concretionary form.
-~ Thered and greeu chlorite rock, fissile, but not strutified, enveloping masses of
amygdaloid, is seen on the left bauk of the stream, traversed by seams of quartz and
cale-spar, underlying to the NW.50°. _Above this the rock iz greenstone, presenting
‘s wall-like appearance, and rising in overhanging cliffs.”
“dlezander dgassiz. (Proceediu gs Boston Society of Natural History, Vol. XI, pp. 245,
246, 1867.  In coutinuation of paper quoted anfe, p. 27.) * The same is the case at the
Douglass Hougliton Creek; in Section 36, Township 56, Range 33, where the creck
windsits way through a deep ravine cut out of ithe sandstone, aud at the junection of {ho
sandstove aud trup, fulls a depth of 172 feei. The chloritic hed is well developed ou the
-sonth side of the creck, while the north side is moregreenstone, and all along the whole
Jength of the ravine up to the falls, a distance of 11 wiles, the borizontal beds of
sapdstone are readily traced, dipping slightly north near the falls and being horizon-
tal at the opening of the ravine inte Torch River valley, plainly showing that they
rest unconformably upoen the trap range. Ou examining this sandstone more care-
fully we find that the strata are made up of alternating layers of sandstone of red-
digh or yvellowish grain, and of beds of loose sandstone containing boulders; some of
i the beds of boulders resembling what is common on sea-shofes as a mixture of mud
!

‘ and shingle. On breaking open several of the small houlders taken in gifu from the

beds we find that they cousist mestly of reddish trap, but frequently we come across

; verfeetly well waterworn houlders of grayish trap containing amygdules, identical
f - with the trap of the copper range a short distance west from these beds of sundstone,
Plainly showing that the sandstone was deposited upon the shores of the ridge of trap
forming Keweenaw Point, and has not been uplifted by it as is stated by Foster and
Whitney. The cace is totally different with the sandstone north of the range that
lies conforulahb* upon the trap, but the saudstone of the southern side of the wineral
- range in the vicinity of Torch Lake js plainly of a different age, iying, as it does, un-
- conformably upon the former, I shall be able, I trugt, to make a more careful exam-
ination of this sulject, and by examining a greater number of points the discrepancy
between the ohservations of Messrs, Foster and Whitney and mine wmay be explzined.

Mr. L. G. Emerson, a mining engineer, who examined these points with me, for a
long time resident of Outonagon County, tells me be has observed a similar state of
things at the junction of the trap and the sandstore at Forest Falls and in n sonth-
erly direction from Minnesota mine on the sonth bonndary of the ravge, and that he
fonnd there the sandsione heds resting vyeonforwalle upon the beds of frap dipping
north.”

Laphael Pumpelly, 1870-72, (Geological Survey Michigau, Vol. I, Part 11, pD. 2,3,
1873.) “At the western edge of this belt, its nearly borizontal strata shut against the
Sleep fuce of a wall formed by the upturned edges of bads of the Cupriferous series of
mwelapbyr and conglomerate, which dipaway fiom the sandstone, at angles of 40° {0 (92,
according {o geographieal position. This sharply defiued and often nearly vertical
plane of contact, baving been seen by the earljer geologists at several points along a
distance of many miles, and having been found to be ofter occupied by a thick bed
: of chioritic flucean, which was Tooked upon as'the product of faniting motion, was
considered as a dislocation,

- This idea seemed to gain corroboration in the faet that, on the wesiern side of

(403)

T e U s Ay 5 e,

e




1

e

.

Z EASTERN SANDSTONE AND EEWEENAVW

o

Skitllls, L o

Keweenaw Po Ty sindstones bearing considerable resemblaites to rhose of (e v:lster% 4

hotizontal beds acear, appavently conlermably overlying the Caprilerous sep
Both sandstoues came to he considered us identical in
tmember of the group.

age aud 23 fonning the up

“Thera are many circumnstanees whiclh make it difficult for
clusion. One obstacle lies in the enormous amonut of i
stance at Portage Like, where the strata of the Cuprifer
thickness of several wiles, dip away from the supposed lon
of about 66o.

“Again, thers are at least two patehes of sundstone Iying on the vprarned melaphy
beds near Houghton, thoug_{h it was not easy to prove that they were not broug
thither by glacial action, Mr. Alexander iz formed me thag e haz foaud:
e hovizongal siindstoies near Wi socalled *fade?
and conglomerute of the Capriferous Series,
on the spos.” ) -

A ME. Wadsworth, 1579, (Notes on the Geology of the Iron

‘ and Copper Districts
Like Superior. Bull. Mus. Comp., Zodl., WLole Series, Vol. VIL No. 1, pp. 115-117)

isto be remembered that Mr, Agassiz, in conjtinction with Mr, I,. G, Emerson, the wel
known mining engineer of Haneock, and at one- time assistant on Prof, anpvny’gé
geological survey, found-below the Dounglags Houghton Falis pebbles of the wreluphy
(amygdaloid) in the aemdstone; aud from this the conclusion way drawn that the sup
stone was younger than the trappean formuation. At the tine of our visit to this lo
cality, we had no Kknowledge of My, Agussiz’s observations, exeept from the genera
stutement of Prof Puwpelly. It will be seen that no localities were given by
Prof. Pumnpelly, although he confirms Mr. Agassiz's statements. The falls Wer
said by Mr. Agassiz to be located at the junction of the sandstons and trap, while o
both sides of the ravine the horizontal sandstone beds Were tfraced up to the fallsy
Our examination showed that immediately below the fuils sundstone and cr)ng;'luuu:r-,
ate exist, dipping N. 45° W. 230, > x o While the majority of peblles \\;vu\ of
the usual charaster, one srayish granitoid pebble (£05) containing epidote wus ol
taived. 'This bas suffered the same graphic alteration in its feldspar that No. 527 haa
Much of the feldspar isseen to be triclinic, Otherwise than its containing more gnart
its charucters arve in the main like No. 527. The sandstone, at its junction with ih
overlying trap, is mueh indurated and altered, and specimens were obtained showas
ing the junction of the two. * * % Ags the sandstone underlies the trap,
is of necessity the prior-formed rock. We suppose that this was the locality
which Messrs. Agassiz and Emerson obtained their specimens of melaphyrin the co
glomerate,

It so, it is susily enongh explained, for conformibiy undertying this san
stoue is another sheet of melaphyr, then more sandstone, aguin wore melaphyr, and
80 on, all conforwabiy underlying one another ag much as they do anywhere wit
the trappean belt, or .can do, on account of their origin. Whether this is the spok;
or not, it is evident from the lunguage of Mr. Agussiz’s paper that the gentlemen-tog
their facts and drew their coneinsions while they were within the trappean belt
not having found the Junetion at all, it ‘being some distanee helow the falls, no
at them. From Prof. Pumpelly’s statement it would seem that he had made th
same mistake, as likewise Mr, Foster Lad done Years heforve. Sowmething more:
necessury to be observed than simply to find a sandstone or conglomerate on the eas
ern side; it ig necessary to prove that it is part of the eastern sandstone, and nok;
bed intereulated in ihe trap. Tho sandstone and melaphyr, a short distanes belo
the dip last given, has a dip of 209, stiil inelining to the northwest. The Jast melaph
sheet underlics o sandstone dipping at this angle, and is irself tderlaid by anoth
sandstone having the sume dip. In other words, the last trap on the eastern side
Keweenaw Point is o thin How of only some 2 feet in tlickness, at this loculity, and
interbedded between sandstones which immedi
same dip that it has,

4
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yu steepness, although still dipping northwest., The last dip measured was N. 450 W',
»59, The conglomerate and sandstone below the first baraltic flow, i. ¢. that nearest {0
{{»Tcmh Lake, has apparently been acted upon by hot waters. The sandstone has been
i joached, its feldspathic constituenis largely changed into clay, and the pebbles are
L’"’“ﬂy altered and kaolinized. The constitution of the sandstoue and conglomerateo
pears to have been originally the same as that of the bands interlaminated with
‘the trap, except so far as they are modified by the detrifus of the latter. In many
places this hot water action has bleached the sandstone and leached out of it all the
- wrgillaceons material, leaving it a nearly pure siliceous sandstone, * * * This has
also converted some of the finer beds into a fine-grained, highly argillaceous sand-
stone or arenaceous clay, these bedes having probably arrested the progress of much
‘of the argillaceous material. * * * This water action would certainly account
{or the absence of fossiliferous remaing in the sandstone exposed to its effects. Con-
giderable mica in fine scales was seen in ibe argillaceous bands. Bpecimensof the
ous pebbles were taken from the conglomerate. * = * No. 517 is a~grayish
and reddish-brown granitoid-looking rock, and under the lens iz apparently com-
pored of feldspar holding quartz grains. Microscopically it is seen to be a erys-
talline aggregate of decomposed feldspar and hornblende, holding much secondary
jquartz. . The quartz is arranged in the feldspar in the graphic or eozobu form, which
makes the decomposed feldspar a most beautiful object in polarized light. The con-
trast between the brilliantly polarizing quartz and tbe feebly polarizing, kaolinized
: feldspar substance is thus etrongly brought out. The quartz appears to have been
"t deposited from the decompesed feldspar iiself, which breaks up into silica and the
kaolin-like material. 'The quartz containsfull fluid cavities, those with bubbles, and
.vapor cavities. The hornblende is in the usnal reddish-brown decomposed masses.
Some magnetile was seen. This rock is most probubly a decomposed old trachyte,
although it would doubiless be regarded as a granite porphyry by most lithologists. No.
* 515 is a elmilar but more feldspathic rock. No. 513 is similar to No. 527, and Nos. b14
" “and 516 are like No, 524, Many pebbles or lenticnlar masses of clay were seen, that
“~are appavently decomposed pebbles of the conglomerate.”
A D. Irving, 1880, (Manuscript notes.) “In the afternoon of September 6 we
s -examined the ravine on Sec. 31, T, 56, R.33 W., in company with Mr. L. G. Emerson,
of Hancock, with the ohject of seeing svmething of the unconformable juneiion de-
-scribed by Pumpelly as obtaining here between the Eastern S8andstone and the Ke-
»weenaw Series. The Douglass Houghton ¥all, at the head of ibe ravine, is over the
ordinary diabase-amygdaloid, with the ordinary northwesterly dip that prevails from
here all across the Keweenaw Series. Below the fall the trappean bedsare badly
~'ghattered anll decomposed. Alout 100 paces below the falls, on the sonth bank,
“well np towards the top, sandstone layers with included shale and conglomerate were
seen dipping to the northwest, or towards the trap, about 50°. The exposure is poor,
.and largely covered with clay aund fallen material from above. Decomposed, ill dis-
played ledges of trap show within 20 feet of the sandstone. Seventy paces farther
-down stream, also on the south side, similar layers were ceen with a similar dip, and
.again ahout 40 steps farther down on the north side of the stream. These i1l con-
ealed, northwesterly dipping lavers seen; to e tumbled and eut of positien. The
ebbles in the couglomerate seens wainly to have been derived from some of the acid
.members of the Keweenaw Series. Below these inclined layers, for several hundred
vpaces, following the sonth bank, we saw nothing in the way of satisfactory exposuares
of the sandstone, which was, hoyrever, seen here and there projecting from the bank,
or in the stream bed in fallen masses. But at about 500 steps down we found hori-
zontally placed layers of the ordinary white quartzose sandstone, with interstratified.
conglomerate seams, in which pebbles were found notf enly of some of the acid, but
also of the basic rocks of the Keweenaw Series., Query: Are the dipping layers near
to the traps part of the Keweenaw Series or part of the Eastern Bandstone 37
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Thess facte were thought to prove tbat the copper-bearing rocks formed a sea-shors 3
bluff, along the base of which the sandstone was deposited with its trappean frag-
ments. Inorder that the reader may understand the condition of things at that peint.
it will be necessary for us to indicate the structure of the copper-bearing rocks them-
selves. They cousist of a series of old Java fows (diabase and melapbyr), intercalated
between beds of conglomerate and sandstone. The traps are known to be lava flows 4
by the baking and induratan of the immediately underlying rock; by the fact that:
tongues aud dikes extend from the overlying trap down into the rock beneath; b
the scoriacecus, claracter of the upper portion of the traps, apd the coarser erystalli
zasion of their lower parts; by the macrocsopic and microscopic evidences of flowing
obc. 'Thab they in each cass wore ix siis before the immediately overlying rock wa
deposited, is shown by the facts that they have not sffected i in any way, and th
they present ou their upper surtace the irregularities and rounded knobs which lav
flows are known to have, especially when exposed to water action; by the px-esende;
of rounded fragments of the underlying trap inclosed in the overlying conglomerate;y
by the absence of fragments of the overlying rock iu the underlying one, and by th
absence of apy marks of intrusion of the traps between different beds. :
tQometimes the lava Bow was followed by another, without any apparent long ex
posure of the former; then again the interval between the two succeeding flowsip B
+was so greab, that sandstones and conglemerates having a thickpess of from a fewﬂg -}
snches to balf a mile (Marvine), were deposited between thew. ~OFf course from thigg
it followed that the surface of the underlying trap suffered denudation, and thats
afterwards the conglomerate was deposited nuconformably upon it. This was the,
general mode of formation throughout the series on Keweeunaw Point. The general
condition of things may be correctly indicated by the statemuent, that in going from:
the east towards the west the cupriferous series is fouud to be made np of an increas-
ing number of lava flows and a diminishing number of conglomerates, until a Hotnti
reached where the voleanic activity calminated, when the flows diminished aud the
conglomerates increased, until the Western sandstone was reached. Tt would fo
low from the mode of formation, that whenever a saudstone or conglomerate was
jaid down on the trap, denudation of the latter would take place and fragments of
it be inclosed in the unconformably overlying detrital rock; and this would hold good
not only of the intercalated beds, but also of the Western Sandstone. All these ev:
dences of depudation would then be merely signs of sequence of time, and not of &
difference in geological age. Precisely similar facts may be observed at the present
day wherever a lava fow bas an opportunity to reach the shore of the sea. b
«“The question, then, whether the copper-bearing Tocks are s formation of a geé ¢
cal age older than the Lake Superior Sandstone is to be ascertained, if at alli
the eastern, and not on the western side. It has just been pointed out on what ev
dence the Eaetern sandstone was said to be younger than the trape ; bat a careful,
amination of the region in question showed its incorrectness. = At the Doug
Houghton Falls the stream passes over a cliff of trap, and then winds through
gorge baving bigh and very steep backs. It was very naturalthat, in ascen(iin:r:; th
stream from Torch Lake te the Falls, the hasty observer shonld he led to beli
that the sandstone and conglomerate extend in an unbroken band up to theeli
the latter locatity, and regard it as ao old sea-shore bluff. This would especially
the case should he confine his observations to the stream, and not attempt to exp
the clayey, slippery, dificult sides of the ravine. The writings of previous observ:
give ne evidence that they did more thao to follow the bed of the stream; andd
all concurred in stating that the sandstone was horizontal, or nearly so, up
Falls, at which placa the trap was said to be first met. When Dr. Wadswort
amined the locality in 1279, he not only explored the bed of the stream, but also
bluffs on both sides. These examinafions showed that the sandstone and congl
erate wers not horizontal, bub that they had a gradually increasing dip as the-F#
were approachied from 5° up to 259, while on both sides of the stream the traps
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fonnd holding the same relations {o the suudstone and conglomerate that they have
Dbecn stated to hold elsewhere in the series. These traps had been iasked and con-
~eealed by the falling rock and carth; Lut, on digging, foot after oot of the junctions
vof 2 pumber of the lava flows and their adjacent sandstones were exposed. The flow
nearest Torch Lake is uboutr two feet iu thickness, 1ying between two beds of sand-
Junctions of these beds and the flow were exposed by

sgtone, ail having a dip of 2U°,
The trappean pebbles seen by

escavating aloug a distance of about twenty feet.
= former observers at the Falls were seen to bave been derived from the underlying trap,

- as they are throughout the entire series, and pot from the supposed old sea~shore blufi.
In the same way, the sandstone and conglomerate were carefully followed up by the
Hungarian River from Torch Lake, and the same condition of things observed.
- " These observations are of a kind to exclude any probability of a mistake ; they arc
- clear and definite. Moreover, they explain the errors of previous observers, and until
«refited, if they can be, they conclusively show that the Easiern Sandstone and the
- copper bearing series are oue and the same geojogical formation, although difiering
in time sequence. It is a remarkable circumstance, that, whiie this evidence is so
clear and explicit, the more recent writers bave carefully avoided any mention of if,
but bave endeavored to discuss the subject on theoretical grounds chiefly.”

(Ibid., p. 561.)  ““Since the first part of this work was put in type, anotherreport on
the geology of Keweenaw Point bas been published by Professor Irving, in the Third
Annual Report of the Director of the United States Geological Burvey. The;state of
our knowledge up to the time of the casting of that portion of the work has been
presented. * * * In Irving’s report the before-mentioned observations * * *
of Wadsworth at the Douglass Houghtou Falls are acecpted and pronounced cor-
rect in every particular but one. Irving then acknowledges that the copper-bearing
rocks are continuous with the Eastern Sandstone below the falls; but in order to
escape 1he dilemma in which this places him, he says that below on the stream is a
covered space between the trne Eastern Sandstones and those which every previous
observer bad called such, and that here is the junction Dhetween the sandstone and
Keweenawan Series. This space he said Wadsworth had bridged over in his imag-
ination. To this the latter replied, ‘that, by digging in the stream and on the banks
of the ravine, he had actually traced (not imagined) the relations of these rocks,
going from those dipping 5 degrees up to those dipping 25 degrees, and that they were
seen to form a continuous super-imposed series, no such ¢liff as imagined [by Irving]

existing between them.”

Following the Douglass Houghton ravine upwards from the lowlands
about Toreh Lake we found the sandstone, of the usual quartzose type,
projecting frequently from the sides of the ravine in larger or smaller
exposures, which, for a long distance from the mouth of the ravine, show
an essential borizontality of the layers. Subordinate to this horizon-
tality, bowever, is a gentle bowing or enrving structure, by which the
dip ix often from 20 {¢ 60 in different directions. Thus dips of fthis
amount were weasared in nortbwest, southwest, and southeast diree-
tions. As the ravine is ascended, the exposures show more interstrati-
fied, soft, §haly matter, which bécowes conglomeratie with well-rolied
pebbles of the various Keweenawan eruptives, chiefly of the acid Lype,

but by no means to the exclusion of the basic kinds. Thesandsteonel y-

ers interstratified with these red shaly conglomerates vary from wbhite to

reddish-white in color, according as they are more purely quartzose or
eontain an admisture of the red clayey material which is the main
This sandstond is commonly quite friable
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and loose, but again is often very considerably indurated Trenlly,  Thes
induration, as is suggested even by the appearance to the naked eye: &
and as is demonstrated by the thin section, is a quartzose one, the in.-§

filtrated quartz having built out the fragments into interlocking areas.

The first point in ascending the stream at which e noticed the inter.

siratifications of sandstone and red shaly conglomerate is about 450+ §
steps below the junction of the Eastern Sandstone aud Keweenaw traps, ¢ §
as subsequently deseribed. Below this we traversed a considerable in-i

terval without good exposare. A% this point a white layer of sandstones g

overlies 20 feet or more of.the shaly con glomerate on the seuth bank
the ravine. It is cvideatly the place noted by Me. Chauveues in
quotation above given.

Lrom bere up-stream for 300 or more paces; or to within 150 steps o
the junction with the trap, we found the essentially horizontal position
of the sandstone and interstratifications with shale and shaly conglom--
erates continuing. After this, however, more marked disturbances in
the sandstone begin to display themselves. At abour 100 steps below.
the jgnction, ou the north bank (point G of the topographical sketch
of Plate XII), a large face of the conglomerate and shale shows, having
been laid bare by a slide not many years old. The exposure here is 284
steps in length along the face of the bank and shows layers in all about:
100 feet or more in thickness. Here the shaly conglomerate is in large -

proportion compared with the sandstone, which appears in a few com- . %

paratively thin layers. The inclination is as much as 250 to 300 to the-
northwest, while only a short distance down stream on the other side of °
the ravine the layers are essentially horizoutal (B of Plate XIT). ,
Continuing now along the north bank of the ravine we comne, within
a few steps, to o succession of slides, evidently of very recent date, be-
tween which there remain spaces still covered with trees and bushes.
The first of these slides reaches nearly to the top of the ravine. Here,
immediately below the top of the bank (F of Plate X1I), we found the
conditions represented in Figure 4. Just below the top of the ban

A

F16. 4.~Junction of a member of the Eastern Sandstone and Keweenawan (iiabase, Douglass Hough

ton Ravine, Keweenaw Point, Michigan. :
there remains here a portion of the trap or diabase, immediately be-
neath and in immediate contact with which are red, for the wmost part
non-conglomeratic, shales, the layers of which present edges having an
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upward curvature from a horizontal position as they approach the
contact with the trap. Extending downward from this junetion for
-about 50 feet, we dug a trench with a view to determining more defi-
nitely the position and composition of these layers than we could do
from the mere surface exposure. We found them for the length of ibe
trench to hold buat few pebbles and but one interstratified sandstone
layer. The inclination within the trench we found to be 120 slightly to
the east of north, or into the bank, Farther down this slide sandstone
- projects in the usual massive layers, interstratified with sbale and
conglomerate, but &0 badly covered with the débris from above that we
could not determine satisfactorily the position. A short distance to the
west and somewbat farther down the bank, however, on the other side
f & tree-covered projection, we found these same layers betier exposed
and.inclining slightly to the northwest (E of Plate XII).

. A few steps farther to the west, following these inclining layers, we
. found the very inferesting exposure marked D on Plate XII. The
ayers of this exposure are not visibly continuous with those of the pre-
ceding one, there being a few feet intervening where the rock is con-
cealed ; but that they are exactly the sawe layers is manifest from their
entire similority in character and interstratification. The position of -
the layers Lere is represented in Figure 5, which is sketched from s

¥i16. 5.~-Bend in 1the Eastern Fandetone, porth gide ¢f Douglass Honghton ravine, Kewsenaw Point,
Michigan. Scale, 20 faet to the inch. ’

photograph taken by us. The entire thickness of the layers visibly af-
fected by this singular bend is_as much as 30 or 40 feet. Vertically
- -above this exposure, but separated from it by a considerable space cov-
ered with trees and fallen material, in which we vainly dug to ind a
Junction, large masses of trappean material show up to the top of the
ravine (H of Plate XII). This trap is continuous with the remainder
of tie Keweenawan exposures up to the falls and beyoud. From tho
(413)
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